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ABSTRACT

A series of metal complexes of Cu(ll), Ni(ll), @Qp(Mn(ll), Zn(Il) with a tetradentate N,N’-bis(#-hydroxy-6-
methyl-2-oxo-2H-pyran-3-yl)ethylidene)malonohyddaziSchiff's basehas been synthesized under solvent free
conditions. Structures of the compounds were cmefit on the basis of spectroscopic data. All comgewrere
screened for their DNA photocleavage ability anchéis been found that metal complexes showed good DN
cleaving properties. Among them Cu(ll) complex asts potential nuclease agent as compared to igamd other
synthesized metal complexes. To explore the fultidmgical potential on the basis of interactiobetween DNA
gyrase and ligand in silico study was carried osing Molegro Virtual Docker.
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INTRODUCTION

Owing to excellent chelating behavior Schiff’s babemistry has exclusively been studied. They Esesba wide
range of pharmaceutical applications [1, 2] anddgical activities [3, 4]. Moreover, the presende ©@O-NHN=C-
pharmacophore is known to be responsible for théogical activity of hydrazone Schiff’s bases [5s a result,
compounds having this structural feature repreapntnportant class of pharmaceutical and medicgahts [6-8].
Various Schiff's bases derived from dehydroacetid &and their complexes with various metal ionsehé&een
reported to exhibit antimicrobial activity [9-11h recent years, more attention was paid to evaltia¢ DNA
cleavage potential of Schiff metal complexes dueht® successful clinical applications of cisplaiin cancer
chemotherapy [12Amongst them, transition metal complexes partidylare known as good DNA nicking agents
and Cu(ll) complexes specifically are found to gsssexcellent DNA cleaving properties [13] duehtairt ability to
bind with the DNA molecule. As DNA is the primargeswhere most of chemotherapeutic drugs act asdltréhe
cleavage or damage of DNA structure which furtleads to the inhibition or death of cancerous ¢&H$. In spite
of their huge applications in different fields nbsgnthetic routes are always in demand.

In recent years, area of non conventional methdds/mthesis such as microwave assisted synthesig] gtone
technique and ultrasound irradiation has been egglavell due to less reaction time, good vyield, use of
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hazardous solvents and easy work [15-18]. Keepirgéd observations in mind and to explore the pelesit some
novel compounds, in the present investigation, @mort a solvent free synthesis of hydrazone Sdizffe metal
complexes of Cu(ll), Ni(ll), Mn(ll), Co(ll) and Zhj. Furthermore, an effort has been made to wtdad the
ligand-receptor interactions based on bacterial D@fase as a target enzyme using Molegro Virtuatkeo
(MVD) with an expectation to find some new potehB&lA nicking and antibacterial agents..

MATERIALS AND METHODS

DHA was purchased from Merck and used without frrthurification. All other chemicals including sehts were

of LR grade and used as supplied. Double distillater was used in the present investigation. *Fhand*C NMR
spectra of the ligand and complexes were recordeBraker 400 MHz instrument. IR spectra were mesum
Shimadzu IR Affinity in 4000 to 400 chrange using KBr pellet method. The electronic speutere recorded
using Shimadzu UV 1800 instrument in DMSO as a exttlv Mass spectra were recorded on Agilent Mass
Spectrometer. The three-dimensional (3D) chemitralcgires were drawn by using the Structure Builge€D
Chem-Sketch 8.0, ACD Labs, Toronto). Docking stadigere carried out by using the facilities of Malke
Modelling (Molegro Virtual Docker 2010.4.2.0, MolegBioinformatics, Aarchus C, Denmark).

Synthesis of malonyl dihydrazide
Malonyl dihydrazide was prepared by treating dietmalonate (0.01 mol) and hydrazine hydrate (0.0&)m
according to the literature procedure [19].

Green synthesis of ligand3)

A mixture of malonyl dihydrazide (0.01 mol) and DH®.02 mol) was ground quickly for 5 minutes wittethelp
of pestle in a mortar at 50-6@ temperature. The reaction mass first was corveént® homogeneous liquid and
finally converted into solid mass. The progressezfction was monitored by TLC. After completione tteaction
mass was poured into chilled water and solid prodinas obtained was filtered, washed with 70 % agse
ethanolic solution and dried in hot air oven ai®%or 4 h.

Scheme 1. Green synthesis of the hydrazone Schiffiase ligand
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Green synthesis of metal complexes

General procedure:

A mixture of ligand and appropriate metal salaipre heated mortar at 80 °C was ground quick\Bf6rmin at the
same temperature. The complexes thus obtained wesbed with ethanol followed by petroleum ether twas
remove traces of unreacted metal salts and weee iihot air oven at 7€ for 5 h.

Spectral data of some selected compounds
N,N"-bis(1-(4-Hydroxy-6-methyl-2-oxo-2H-pyran-3-yl)ethylidene)malonohydrazide (3): m.p. 225 °C; Mass;
433.1; IR (KBr cnif): 3,410 (O-H str.), 1,659(C=N str.), 1,692(C=Q)stt,261(C-O str.)*H NMR (ppm): 2.14 (s,
3H of CH3), 2.57 (s, 3H of -N=C-85), 3.5 (s, 2H of CO8,CO), 5.83 (s, 1H of DHA ring), 11.45 (s,1H of -
CONH-), 16.2 (s, 1H of enolic proton)*C NMR (ppm): 16.7 (Cklof DHA ring), 19.2 (-N=C-CH), 162 (-N=C-
CH,), 94.7 (CQCH,CO), 168 COCH,CO), 180 (enolic C), 163 (carbonyl carbon of DHAgjnYield 79%.

N, N -bis(1-(4-Hydroxy-6-methyl-2-oxo-2H-pyran-3-yl)ethylidene)malonohydrazide Co complex:m.p. 265°C;
Mass; 489.2; IR (KBr cif): 3,421(O-H str.), 1,635(C=N), 1,673(C=0 str.R46(C-O str.), 460(M-N), 639(M-O);
Yield 82%.
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N, N -bis(1-(4-Hydroxy-6-methyl-2-oxo-2H-pyran-3-yl)ethylidene)malonohydrazide Cu complex:m.p. 267°C;
Mass; 494.0; IR (KBr ci): 3,405(0-H str.), 1,658 (C=N), 1,691(C=0 str.285 (C-O str.), 478 (M-N), 643 (M-
0); Yield 89%.

N,N"-bis(1-(4-Hydroxy-6-methyl-2-oxo-2H-pyran-3-yl)ethylidene)malonohydrazide Zn complex:m.p. 298°C;
Mass; 496.1; IR (KBr cif): 3,422(O-H str.), 1,628(C=N), 1,673(C=0 str.271(C-O str.), 486(M-N), 637(M-O);
H NMR (ppm): 2.04 (s, 3H of B3-), 2.55 (s, 3H -N=C-83), 3.24 (s, 2H of COB,CO), 5.57 (s, 1H of DHA
ring), 11.75 (s,1H of -CON-); Yield 87%.

In Silico study

The ligand structure was constructed using ChenteBksoftware (ACD Labs) and saved in MOL formateTh
protein structure of DNA gyrase subunit A Eschedatoli (PDB Code: 1AB4) was imported in MVD, andssing
bond orders, hybridization states, and angles there assigned. To obtain better potential bindiigssin the
protein, maximum of five cavities were detectedngsparameters such as molecular surface (exparaiedier
Waals), maximum number of cavities (n = 5), minimaavity volume (10), the probe size (1.20), the mmann
amount of ray checks (n = 16), minimum number gfhis (n = 12), and grid resolution (0.80). Théugefor side
chain flexibility by selection of the add-visiblgtion, the setting for the selected flexible sideio during the
docking option, and all other parameters were kemtefault. All docking calculations were carriedtasing the
grid-based Mol Dock score (GRID) function with adgresolution of 0.30 A The Mol Dock optimization search
algorithm with a maximum of 10 runs was used thiotlge calculations, with all other parameters leptefaults.
All the poses were examined manually, and the hest was retained.

DNA photocleavage studies

DNA photocleavage experiment was performed in awa of 10 pl containing plasmid DNA in TEr{s, 10mM,
EDTA 0.01mM, pH 8.0) buffer in the presence of 4pqf synthesized compounds. The reaction volumes Wweld

in caps of polyethylene microcentrifuge tubes, \whieere placed directly on the surface of a tralsriinator (8000
mW/cm) at 360 nm. The samples were irradiated €omin at room temperature and were further incubate37

°C for 1 h. Irradiated samples were mixed with 6Xdmg dye containing 0.25% bromophenol blue and 30%
glycerol and then were analyzed by electrophoresis 0.8% agarose horizontal slab gelTiis-acetate EDTA
buffer (40 mMTris, 20 mM acetic acid, 1 mM EDTA, pH: 8.0). Untreateidsmid DNA was maintained as a
control in each run of gel electrophoresis, whicasvearried out at 5V/cm for 2.0 h. The gel wasnstiwith
ethidium bromide (1 pg/ml) and photographed undedight.

RESULTS AND DISCUSSION

In continuation of our ongoing interest to devetbp convenient and efficient methodologies towahdssynthesis
of biologically active compounds [20-22], herein weport the solvent free synthesis of heterocyblidrazone
Schiff base and its complexes with first transitinatal series. In the conventional approach, edtitompound3)
was prepared by reacting malonyl dihydrazide withAn 50 ml of agueous ethanol under reflux for However,

in solvent free approach reactions were complateldé min and gave desired products with good gialad purity.
Therefore, the present method has many advantages conventional methods like no solvent requirethen
simplicity, easy operation, eco friendly and lesaation time with better yields of desired produ@tse structure of
all the synthesized compounds were characterizetlehasis ofH and**C NMR, UV-visible, mass spectrometry.

1

H NMR

In the*H NMR spectrum of metal complexes enolic singlettw ligand 8) was found to be disappeared which
suggested the deprotonation of enolic oxygen pwocomplexation. Shifting of chemical shifts of tligand’s
protons on complexation further indicated the fdioraof complexes.

FT-IR

The FT-IR spectrum of the ligand illustrated tharetcteristic bands at 3,000-3,500, 1,692, 1,6527t1,356 and
1,209-1,261 ci which were assigned to oy (intramolecular hydrogen bonding),c-o (carbonyl group)p c-n
(azomethine) and .o (enolic) stretching modes, respectively [23].He spectra of metal complexes the absence of
a weak broad band in the range 3,300-3,500 andincrease in frequency of enolic C-O stretchingaip@-15 cm

! suggested the deprotonation of enolic -OH occurrpw coordination. The -y shifted to lower frequency in
FTIR spectra of metal complexes indicated its folecoordination with metal ions [24]. It may be dtee the
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donation of the lone pair of electrons of nitroggam of azomethine to the emmtyorbitals, of metal ions. FTIR
spectra of metal complexes showed characteristidigand bands in 640-670 énand 460-491 cihregion which
can be assigned toy.n andv y.o Vibrations, respectively [25].

The electronic spectral data of the ligand as a®its metal complexes were recorded iff IODMSO solution.

UV-visible spectrum

The UV-visible spectrum of a free ligand showed blamds at 34482, 31250, 27472 tiithese absorption bands
were appeared due 16 n* and n-n* of carbonyl and azomethine moiety [19]. The badde to d-d transitions at
15432 crit, 17064 crit and at 21008 cthalong with 16611 cihwere observed due to Cu(ll), Ni(ll) and Co(ll)
respectively.

Mass

Appearance of an intense molecular ion peak/a#33.2 (M +1) in mass spectrum of the ligand correspondkeo t
molecular formula of ligand. The mass spectrum igfiNcomplex showed a molecular ion peaknatz489.2. The
mass spectra of Co(ll), Mn(ll) and Zn(ll) showed iatense molecular ion peak mt/z 489.2, 486.3 and 496.0,
respectively. Similarly, the mass spectrum of @pwmplex exhibited a molecular ion peakreiz494.

Figure 1. Docked structure of the ligand

Docking study

To obtain better potential binding sites in thetpimo (LAB4), maximum of five cavities was detectesing default
parameters. Among cavities, cavity number 1 (cavidjume, 123,904 A°) was selected for further stadiThe
chosen cavity was further refined using side chaiimmization by selection of add visible option sa¢ta maximum
of 10,000 steps per residue and at a maximum &000global steps. The initial energy was set at@3¥h whereas
the energy after side chain minimization was s&7&048. The side chain flexibility was set byestihg the add-
visible option. The same was selected during darkémd the remaining parameters were kept as fireidbles.
Furthermore, the docking simulation was run fisstthe parent molecule [26], and the best posesslsted on the
basis of the Mol Dock score and re-rank score. Bést pose revealed the docking score -58.07 amd $&ven
interactions as shown by green dotted lifégyre 1), due to three hydrogen bonds between O of OHmwith
Lys270, Asp113, and Asp294 of distances 2.59 A7 &7 and 3.02 A, respectively. Two more weak hyerog
bonding, one between O of C=0 of pyrone with Ly$ 2® distance 3.11A, and another between O of COWNH
Lys 298 of distance 3.21 A also play role in bingladfinity. Second O of OH group of ligand also wiedl strong
hydrogen bonding with protein residues Gly107 am@I®9 of distances 2.97 A and 3.12 A, respectivEhe
performance of the obtained pose showed that tltoggn bond interaction between the protein residate
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Gly107, Lys270, and Asp113 and the oxygen atonOdf)(of the ligand showed maximum affinity, indicagithat
the docking method was most appropriate for clargfthe binding mode of the proposed compound a# Btase
inhibitors .

Plasmid DNA photocleavage studies

DNA photocleavage studies were performed usingasgagel electrophoresis method and results aremess in
figure 2. There is a significant decrease in the intensitpiA band in case of test compounds as compard#a wi
control DNA which may indicate the fragmentatiorused by the test compounds; ligand (Lane 1) shdittéxior
no fragmentation under experimental conditionscdee of Co(ll), and Zn(ll) complexes (Lane 3, ahdhére is a
decrease in the intensity of form | and Il as coragawith control (C) which indicates the fragmeimtiatinduced in
DNA forms by these complexes. In case of Ni(ll) @bax, there is an increase in intensity of fornamd decrease
in the intensity of form | suggest the conversidsuper coiled DNA (form 1) into open coiled DNAofim II) due to
fragmentation caused by Ni(ll) complex. In lane E(I§ complex increases the intensity of form hdais
responsible for disappearance of form | i.e. sgoded DNA. Moreover, appearance of form Il in Wween form |
and Il represents a linear form generated duedking of super coiled DNA. All the above mentior&aservations
showed that Cu(ll) complex exhibits good DNA phdtawage as compared to ligand as well as other lecep
considered under the study.

= 1 = £ = =3 7

Figure 2. DNA photocleavage activity of synthesizecompounds
Lane , DNA + DMSO; lane, ligand + DNA; lane 3, Co(Il) complex + DNA; lane4} Ni(Il) complex + DNA; lane u(ll
(C SO; | ligand lane 8, C I lane™ Ni I lane's C
complex + DNA; lane'8 Mn(ll) complex + DNA; lane'?, Zn(ll) complex + DNA.

CONCLUSION

In search of some biologically active agents, eatktntate heterocyclic hydrazone Schiff be®eafd its metal
complexes of the first transition series have bdesigned and synthesized under solvent free conditiAll

compounds were evaluated for their DNA photocleavalgjlity as well as DNA gyrase inhibition tendeneaigh an
expectation to find efficient DNA nicking and arditierial agents. It has been observed that Cufid) Mi(Il)

complexes were found to exhibit good DNA fragmdntafpotential as compared to ligand and other cexgd.
The docking of ligand with DNA gyrase indicated $®ven strong interactions among them, hence staghgeod
level of DNA gyrase inhibiting ability of ligand. dgne structural modifications in the ligand may letd
development of better DNA nicking agents in future.
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